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Abstract 

The predictions for transition form factors 7* ^ 7/2(1270) and 7* ^ 702(1320) and corre¬ 
sponding e+e" ^ 7* ^ /27 and e+e" ^ 7* ^ 027 cross sections are obtained for the en¬ 
ergy region up to 2 GeV. These predictions are coordinated with the recent Belle data on the 
7*(<3^)7 —)• A transition. It is shown that the QCD asymptotics of the amplitudes of the reactions 
e''“e“ ^ 7* ^ /27 and e"'“e“ ^ 7* —)• 027 can be reached only by taking into account a compensa¬ 
tion of contributions of / 9 ( 770 ), a;( 782 ) with contributions of their radial excitations. The relation 
a{e'^e~ ^ 7* ^ ^ 7* —>■ 027) ~ 25 / 9 , obtained with the help of the qq model of 02 

and /2 and QCD, is used to determine the (T{Me~ ^ 7* ^ 027) at high energies. Recent BABAR 
measurement of the e+e” ^ /27 —)• 7r+7r“7 cross section at 10.58 GeV gives hope for detailed 
investigation of the 7*(s) —)• /27 and 7*(s) ^ 027 transition form factors at high energy region. 

BAGS numbers: 12.39.-x 13.40.Hq 13.66.Bc 


1 


I. INTRODUCTION 


The 7* ^ / 2 ( 1270)7 and 7* 02(1320)7 transition form factors manifest themselves in 

different reactions. In e^e“ —>■ 7* ^ 7/2(02) processes they are in the time-like region of 7*, 
while in e’''e“ f2(0-2) reactions these form factors are in the space-like 

region of 7*. These reactions are connected with each other, so progress in the investigation 
of one reaction can shed light of the others. 

Recently 7*(Q^)7 —t /2 transition form factor in the space-like region have been measured 
at Belle for up to 30 GeV^ |l|. Besides, BABAR collaboration measured the 
/27 —?• 7r+7r“7 cross section at 10.58 GeV unfortunately, with large error. The last result 
shows that it is possible to investigate the 7*(s) —)■ /27 and 7*(s) —t 027 transition form 
factors in the time-like region at extremely high energy (s = —Q^ ~ 100 GeV^ and higher) 
in detail. 

It will be shown below that these transition form factors are of interest in the whole 
accessible region. The point is that the QGD asymptotics can be reached only by taking 
into account cancellation of contributions of p( 770 ) and a;( 782 ) with contributions of their 
radial excitations. 


f. 3. 


In 


The Belle data on the 7*(Q^)7 f2 transition form factor was analyzed in Ref. 
comparison to that paper, we take into account p" and u” contribution in the 7* leg (the 
p, 0 J,p' and u' were taken into account in Ref. | 3 |). This leads to modification of the Eq. 


( 10 ) of the Ref. [ 3 (] only. 

The ^ 7* ^ 7/2(02) cross sections were estimated in Ref. under assumptions 
9f2PP = 9f2P'p' = 9 hp”p’' ga^pui = ga2P>Lj' = 9a2p"u,"- The recent experimental data, the 
requirement of QGD asymptotics and the naive quark model relations taken into account 
allow to make prediction on quite a different level. 

In Sec. Ill Al the e+e" —)■ 7* —)■ f2l cross section is presented. It is shown that the cross 
section should be larger than the Ref. jj] estimation, it could be measured at the energies 
~ 2 GeV at modern colliders, for example, at VEPP- 2000 . Our estimation of the cross 
section at the BABAR energy is smaller than the BABAR result. 

In Sec. Ill BI we present the ^ 7* —)■ 027 cross section. In the qq model for /2 and 02, 
02 = (uu — dd )/\/2 and /2 = (uu -|- dd)/-\/ 2 , the 7*(Q^) —t /27 and 7*(Q^) —)■ 027 transition 
form factors are related as 5 : 3 at high (in agreement with QGD), one could estimate 
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the e’''e —)■ 7* ^ 027 cross section at high energies using this relation. 

In Sec. Uni the brief conclusion is presented and the perspectives are discussed. 


II. THE e+e- ^ f2l AND e+e" ^ 027 CROSS SECTIONS 

A. The fTe+e-^/2.y(s) 

It is known that in the reaction 77 —)■ /2 —t tttt tensor mesons are produced mainly by 
the photons with the opposite helicity states. The effective Lagrangian in this case is 


where is a photon held and 


h 9f2"f"fTij,i/Ffj,aFy(j , 

F^„ = - d^Af, 

is a tensor /2 held. For 7*(s) f2l transition 


( 1 ) 


5^/277 9 f 2 'r*'ri^) ^'r*^f 2 'ri.^) 9 f 2 'i'i 


( 2 ) 


where F^*^f2'y{^) is the transition form factor. 

In the frame of Generalized Vector Dominance Model (GVDM) we assume that the 

n 

ehective Lagrangian of the reaction /2 VV is [ 5 [: 


L — 9f2VvTfj,uF^^F^ 


ua 5 


( 3 ) 


F',„ = d^V,-a,V^. 

where V = p, p',p" oj, uj'^uj”. It is assumed that 9 f 2 pp' and other constants with crossed 
vector mesons are suppressed due to small overlap of the spatial wave functions of p, p', p" 
and similar for u),uj',u)": 

9 f 2 PP' = 0 ) 9 f 2 i^i^' = 0 ,.. ( 4 ) 


Assuming the GVDM mechanism e+e {p + p' + p" + u + u' + u") ^ /2(p + p' + p” + 
u + u' + u”) —)■ /27 one obtains jj] 


mlx 3 / 


(Te+e-^f2l{s) = — 0^(1 -(— + 3— + e) X 

'^p9f2pp '^p'9f2p'p' '^p"9f2p"p" 'fT^‘t}9 f2i^iO ^^l9f2l^'ul' I fT^‘t}"9f2‘^"u}" 

I ^ I TTo ^ I ftr\ -rT / ^ I To ^ I 


f^Dpis) py,Dp,{s) f^D^is) f^^D^s) f^„D^„{s) 


( 5 ) 
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Here Dv{s) are inverse propagators of vector mesons V: 


Dv{s) = rriy — s — z\/iry(s), 


( 6 ) 


the forms of widths rv'(s) are described below. The constants fy are related to e+e widths 
as usual: 

A'jrrv'^ 

( 7 ) 


r(l/ —)• e'^e ) = ^ ^ my. 


3 /v 

Let us denote p = = P2) p” = Pa and similar for w, a;', uj”. In the qq model for 

i = 1 , 2,3 

9f2pipi ~ 9f2i^iUJii — "^pii fuji — ^fpi- ( 8 ) 

The /2 —)■ 77 width is jdj 


/ 2->'77 


/ 10 \^ ttq;^ 


= — 


V 9 / 


9f2pp 9f2p'p' 9f2P"p" 


f2 
J p 


p 2 

I pi 


= 3.03 ± 0.35 keV 


a, 


( 9 ) 


Pp fi 

T /2-i.77 = Tand the factor ( 10 / 9 )^ takes into account cuj contributions. 

The QCD asymptotics of a{e'^e~ -P light hadrons) at s —)■ oo is equal to X) Qjdvra^/s to 
within logarithms, where Qj are charges of m, d, and s quarks. Due to asymptotic freedom 
at s —)■ cxD imaginary part of Dy{s) vanishes 


Im{Dy{s)) = —\/sri/(s) —)■ 0 


( 10 ) 


and 


It means that 


Dv{s) 


-P 


ruy — s 


( 11 ) 


so 


s) = kl^— 


2 , 10\2 47 r 2 3 


a' + 0 (-). 


9 / 9mj^ s 


, 9f2Ppmp , 9f2ppmp , 9f2P"p"mp' 

— 7^ I I 


( 12 ) 


( 13 ) 


.2 „ ^2 „ ^2 
9f2p 

f2 ' f2 ' f2 

Jp Jp J p" 

should be equal to zero, i.e. radial vector excitations contribution compensates the contri 

bution of vector bound state p in the leading order: 

.2 ^ ^2 „ ^2 


9f2pp'^p 9f2pp^p 9hp"p"^p" _ Q 

f 2 r 2 /2 “ 

J p J p J p" 


( 14 ) 
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Note the analogous condition was obtained in Refs, l7| after taking into account the 
QCD based asymptotics of the 7 *(Q ^)7 —)■ 02 amplitude. 

Denoting like in Ref. [ll = 9f2p'p'fp/9hppfp' and bf^ = 9hp"p"fp/9hppf}' the require¬ 
ment Eq. flT^ may be rewritten as 


ml + aj^ml + bj,ml„ = 0 , 


(16) 


In these terms Eqs. ([S]) and 


give 


/ X q/ uif \ 6/ s \ 

+e-^f2i{^) = “5“ a (l -j f^ -I- 3— ^ -I- 6j X 

9 ^ s ^ mi > 


(T, 




^l9hPP ^l'9f2P'p' T^l"9hP"p'' ^(ml9f2PP ^l'9f2P'p' ml„gf^pnp„ 


/2 '"'h 

p'. 


PBp{s) n,Dp>{s) Pp.DpPs) 9KpMs) Pp,D^\s) Pp.D^Ps) 




9 ni /2 ■ ’ ^ s ' mf^ 


mi 63 / s \ 

‘ -F3—+ 6). 


(16) 


Since cuj contributions are suppressed, we neglect the difference between and Vp. in 
Di_j.{s) to simplify the formula for transition form factor: 


>/27('®) 


m: 


+ «/2 


m 


p' 


+ b 


m; 


72 


Dp//(s) 


(17) 


1 + af^ + bf^ \Dp{s) ^ Dp/{s) 

The parameters of vector radial excitations {my, fv and coupling constants) are not 
well-established. For the aims of this work in region ^/s < 2 GeV we use propagators in the 
form Eq. ([ 6 ]) with constant widths with parameters taken from Ref. 6 |: 


mp = 775 MeV, m^/ = 1465 MeV, mp// = 1720 MeV, 
Tp = 149 MeV, Tp/ = 400 MeV, Tp// = 250 MeV. 


(18) 


Note one can use more complicated forms for Dv{s) from Ref. Sj. 

To hnd the {af 2 ^/ 2 ) pair we need one more source of information. Recently the Belle 
data on the 7 *(Q ^)7 —)■ /2 transition form factor |l| were analyzed in Ref. 3| without taking 
p” into account, i.e. 6/2 = 0 in terms of this work. To take p” into account it is enough to 
modify Eq. (10) of that paper: 

1 / I CL b J 2 


Ft{Q) ^ Ft{Q) = 


1 + af2 + bf2\l + 


Q/2 j_ 

1 + ^1 + 


(19) 
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This gives two minimums of the function, constructed for the Belle data: 
6/2 = 0.082 ± 0.025 and bf^ = 0.740 ± 0.011. So then we will consider three Cases, 


Case 1: {af^, bf^) = (—0.393, 0.082) - best minimum of the function {x^/n.d.f. = 29.3/28); 
Case 2 : (a/ 2 , bf^) = (—1.3, 0.74) - second minimum of the function {x^/n.d.f. = 49.1/28); 

Case 3: (af^^bf^) = (—0.28,0) as in in Ref. j^, p" is absent {x^/n.d.f. = 39.1/29). (20) 


In Case 1 the p" contribution is small, it is not far from Case 3. The x^ value in Case 
2 is worse than in Cases 1 and 3, but since our consideration should be treated as a guide, 
this minimum is also interesting for investigation. 

All these three Cases are shown on Fig. [H In Case 3 (Fig. (Tb) the p" peak is larger than 
in Fig. at ~ 100 times. 

The e’''e“ /27 cross section is shown on Fig. [T]for both minimums. One can see that 

Cases with small and essential p" contribution differ a lot: in Case 1 the cross section peak 
is ~ 20 pb, in the second one it is two orders of magnitude higher. In both Cases this cross 
section could be measured on the modern accelerators. 


Note that maximum of the e^e“ -X /27 cross section was estimated 5 pb in Ref. jd]. The 
peak ~ 3 nb in Case 2 is sensitive to the p" width that is not well established. If Tpn was 
500 MeV (twice as much), the peak would reduce to 0.8 nb. 

One can estimate relations between /2 couplings to vector pairs using values obtained in 
Ref. Is I 


/, = 5.1,/,, = 5.0,/,. = 10.0. 


( 21 ) 


and get 

9hpp ■ 9f2P'p' ■ 9f2P"p" = 1 : - 0-41 : 0.33 in Case 1; 

9f 2 pp • 9f2p'p' ■ 9f 2 p"p" ^ ■ 1-35 . 1.96 in Case 2 , 

9f2pp • 9f2p'p' • 9f2p''p" ^ • 0.29 . 0 in Case 3. (22) 


Recently the e+e“ -X /27 —)■ 7 r+ 7 r “7 cross section was measured at BABAR at 10.58 
GeV: cr(7r+7r“7)io.58 = /27 7 r+ 7 r“ 7 , 10.58 GeV) = 37l^g fb j^. 

Taking into account Br{f2 — )• tt+tt") 56.5% and Eq. (ITTll . Dv{s) rriy — s at s ^ 00 , 
we hnd cr(7r+7r“7)io,58 = 1.0 fb for 6 /^ = 0.082 and cT(7r+7r“7)io.58 = 3.8 fb for 6 /^ = 0.74. The 
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(a) 



FIG. 1: The e"''e /27 cross section, (a) Solid line is for (a/j, bf^) = (—0.393, 0.082), dashed line 

is for {af^,hf^) = (—0.28,0) {p" is absent), (b) The plot for = (—1.3,0.74). 

elaboration of the pioneer measurement of cr(7r+7r“7)io.58 is important for the 7* 7/2/02 

transition form factor investigations. 


B. The CTe+e-^a27('S) 


The cre+e--).a27 treatment is similar 


Q: 


0’e+e“—>'a 27 ('S) g ^ 


9 9 9 

TT 0 / rnf,„\3/ S S 


0 (^ + 3^ + 6) 


X 


'^p9a2pu) 

^iu9a2puj 

'^p’9a2p'ijj' 

1 '^uji9a2p'ijj' 1 '^p"9a2p"u)" ^ijj"9a2p"to'' 

fpfuDp{s) 

fpfuDM) 

fp'U'Dp,{s) 

fp'U'D^s) /po/^oD,o(s) /po/..oD^„(s) 


(23) 


and 


TTQ! 


02—>77 


9a2puj ^ 9a2p'uj' 9a2p"u}" 


fpU fp'U fp"U" 


ml^ = 1.00 ± 0.06 keV 


a- (24) 


The QCD asymptotics requires 


^ml + = 0, (26) 

JpjLJ Jp'Juj' Jp''Ju" 

here Eqs. ([8]) were used. Denoting 0^2 = 9 a 2 p'io'fpfu^/ 9 a 2 pu>fp'fu,' and ha 2 = 
9 a 2 p"oj"fpfLo/ 9 a 2 pu,fp"fui" the condition Eq. ([25D may be rewritten as 


m^p + aa^im?p, + ba^m^p,, = 0. 


(26) 
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Note that in the naive qq model for i = 1, 2, 3 


9a2piUJi ‘^9f2pipi- 


(27) 


Together with Eqs. ([ 8 ]) it means that 


® a 2 ®/2 ) ^ 0,2 ^/2 • 


(28) 


Eqs. (jH]) lead to 


207r r 


0.2 —>-77 


*^e+e —> 0271 '®/ n S 

9 m” 


7*—>'a27V 


w| (i-vf) (;;w + 3-^ + 8)- (29) 


<12 




with transition form factor 

1 


Fy*^a2'y{^) 


2 2 2 
m m m , 

' +aan „ , . +a, 


I/, 

“T^ao -r^ / \ \^Q 


2(1 + + i)„,) V-D,(s) £>„(s) "£>,.(*) -D»'(i>) ”£>..”(*) 

(30) 


QCD also reqiures at high s 


ff(e+e ->/27, s) 25 


(31) 


cT(e+e —)• 027 , s) 9 
It’s easy to see that our qq consideration, Eqs. (B, ®. dnj and (|271) . agrees with Eq. 

dSU). 

It is natural that our consideration also provides the relation 


r(/2 ^ 77) ^ ^ 25 

r(a 2 -)■ 77 ) 9 ml^ 9 

well-known in the qq model, which is in perfect agreement with the data, see Eqs. ([9]) and 

(El- 

Note that using the above-mentioned BABAR measurement cr(e+e“ 

7 r+ 7 r“ 7 , 10.58 GeV) = 37tlt fb, Br{f 2 tt+tt”) 56.5% and Eq. fl3l|) one can obtain 

a{e'^e~ —>■ 027 , 10.58 GeV) = 24^)^ fb. (33) 

On the Eig. J2we show the a{e'^e~ —)■ 027 , 5 ) with sets ( 0 ^ 2 , &a 2 ) in Eqs. (I 20 D . see Eq. 
fl28|) . We take p] 


= 8.5 MeV, E^^/ = 215 MeV, = 315 MeV. 


(34) 


In our approach ga 2 pu] '■ 9a2p’ui' '■ 9a2p"uj" relations are the same as Eq. (j22]). 





















(a) (b) 


FIG. 2: The e+e —)• 027 cross section, (a) Solid line is for ( 002 ,^ 02 ) = (—0.393,0.082), dashed 
line is for {aa 2 ,ba 2 ) = (—0.28,0). (b) The plot for ( 002 ,^ 02 ) = (-1.3,0.74). 

III. CONCLUSION 


It is shown that the QCD asymptotics of the amplitudes of the reactions ^ 7 * ^ /27 
and e+e“ —>■ 7 * —)■ 027 can be reached only by taking into account a compensation of 
contributions of p(770), a;(782) with contributions of their radial excitations. It is shown also 
that the p and u excitation contribution to the e+e“ —)■ /27 and —)■ 027 cross sections 

is essential and allows the experimental investigation of e+e“ —)■ and e’''e“ 

processes, for example, at VEPP-2000 collider. Note that the best channel to study the 02 
production is the —)■ 027 because Br{a 2 —)• pvr) = 70% jo] and the background 

is expected to be small. 

At the BABAR energy 10.58 GeV our estimation of the e+e“ —)■ /27 —)■ 7 r’'' 7 r “7 cross 


section is much less than the average value presented in j^, but the experimental error is 
half of the average value, so no conclusions concerning this disagreement could be done now. 
Anyway, the pioneer BABAR measurement gives hope that the detailed investigation of the 
7 *(s) —)■ /27 and 7 *(s) —)■ 027 transition form factors at high energy region is possible. 

Emphasize that the results obtained in Sec. II do not represent a precise prediction, they 
should be treated as a guide. 
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